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This is the second of & series of investigations on nicotine
insecticides conducted by this Bureau in cooperation with the Bureau
of Agricultural and Industrial Chemistry. Part I of this series
(E-646) reported a study of complex salts containing nicotine, usu-
ally combined with a metal. In the investigation- descridbed herein
an effort was made to find activators for nicotine, partly to
stretch the limited supply of this insecticide and partly to make
its use more economlcal.

As before, the samples studied were prepared at the Eastern
Regional Research Laboratory of the Bureau of Agricultural and
Industrial Chemistry, for testing against plant-feeding insects by
the Bureau of Entomolcgy and Plant Quarantine at its Sanford, Fla.,
laboratory.

Previous attempte by other investigators to increase the tox-
icity of nicotine insecticides were concerned largely with the use
of various alkaline msterials to liderate the alkaloid from nico-
tine sulfate. For exsmple, dolomite and 1ime have been called
chemical accelerators by Headlee and Rudolfs (£), while Thatcher
and Streeter (9) have classed them as active carriers. In a few
cases, however, nonalkaline materials have been used, such as agar-
agar (6), karaya gum (4), lecithin (1), and hydrocarbdon oils (3).

In thie investigation the entomological tests were conducted
on several species of leaf-feeding larvae. In order to minimige
losses of nicotine by volatilization from the dusts in shipment
and on storage, the adjuncts to be evaluated as activators were
not tested with nicotine alkaloid, but in combination with (1)
nicotine bentonite in bentonite and (2) nicotine sulfate in pyro-
phyllite as the diluents.

1/The authors are indebted to E. R. McGovran and G. T. Bottger
for supervision and technical guidance in this work.



‘24 hours for 3 days. The deposit used depended upon the species
being tested and also upen the susceptidbility of that species at the
time the tests were made, the desired mortalities being between 20
and 80 percent. Each sample was tested on from 2.to 6 species of
insects. The melon worm and southern armyworm were used in all tests.
Since these tests were only preliminary, no replications were made.

The second step was foliage-injury tests, made on 4 or 5 varie-
ties of plants in an outdoor garden with the samples that showed
some increase in toxicity as dusts over the standard materials
against insects. The plants used were dbean, collard, corn, cotton,
okra, potato, pumpkin, sweetpotato, and tomato. Materials were
sprayed on the plants twice, at sn interval of 7 days and at a concen-
tration of 0.1 percent of nicotine. Records of the amount of injury
were taken on the third, seventh, and fourteenth days after the appli-
cation of the first spray.

The third stage of testing was with sprays. All materials that
showed some promise in dust tests, and which did net cause foliage
injury, were used in spray tests on leaf sections which were fed to
larvae in petri dishes and in cloth-covered vials.

Discussion of Results

The adjuncts which in the dust test, with either carrier, gave
mortality of the melon worm or the southern armyworm, or both, 10 per-
cent above that given by the standard were considered as activators
of the nicotine. The following materials were found to be in this
class:

2,2'-Allylidenebis(5,5-dimethyl- Kojic acid
1,3-cyclohexanedionre
2-Butoxyethanol Lauryl acetoacetate
2-Chloroallyl lactate Lecithin
R-Dichlorobenzene Hitrobengzene
Diethylene glycol monobutyl ether 2-Nitrobiphenyl
Diethylene glycol monomethyl ether Paraffin
5,5-Dimethyl-1, 3-cyclohexanedione Pentachloroethane
Dodecanoic acid Pentachlorophenol
2-Ethoxyethanol Polylactic acid
(116% lactic acid)
Ethyl n-butylacetoacetate Stearic acid
9-Phenylphenol Tetrahydrofurfuryl

12-Hydroxystearic acid lactate



The samples containing pentachlorophenol and nicotine were the
only ones that gave higher mortalities than the standards in every
test. In subsequent tests 97 percent of the melon worms and 100 per-
cent of the armyworms were killed with rather 1light deposits of dust
mixtures containing only pentachlorophenol as the toxicant. Swingle,
Phillips, and Gahen (8) found this material to be toxic to 9 of 10
species against which it was tested, and it is also toxic to sub-
terrsnean termites (10). '

"It appeared that only eight compounds in the 1ist merited fur-
ther attention. Mare complete data on these eight materials are
given in table 1. With the exception of 2-nitrobiphenyl, these ad-
juncts were nontoxic when tested as 5§ percent dusts without nicotine;
2-nitrobiphenyl was slightly toxic to the southern armyworm. Kojic
acid and o-phenylphenol appeared to be the most effective adjuncts
for nicotine sulfate in pyrophyllite.

Since none of these eight materials were injurious to plants in
phytotoxicity tests, they were tested as sprays. The results are
shown in table 2.

In table 3 a comparison of the two carriers as dusts and sprays
indicates that the mixtures are slightly more effective as sprays.
Furthermore, the indications are that dusts in which the materials
are diluted in pyrophyllite, using nicotine sulfate, are more effec-
tive than the nicotine bentonite dusts. On the other hand, when the
materials are applied as sprays the bentonite group is superior to
the pyrophyllite. '

Table 4 includes the adjuncts which gave insect mortalities above
the standard when used in nicotine dusts or sprays. Since none of
these compounds were highly effective, no attempt was made to show the
degree of activity towards individual species. The table lists the ‘
test insects used.

Several materials appesred to be specific in their activation of
nicotine toward different species of insects. The nicotine dusts con-
taining the following materials in both bentonite and pyrophyllite
were active agains the melon worm, but not against the southern army-
worm: Ethyl acetoacetate, ethyl 2-(Z-butoxyethoxyethyl)acetoacetate.
ethyl p-lauryl-acetoacetate, furil, lauryl acetoacetate, octadecyl
acetoacetate, octyl disulfide, and sulfur. HNicotine sprays containing
lauryl acetoacetate were also effective againgt the southern armyworm
in each series. Levulose was effective against the armyworm but was
ineffective ageinst the melon worm. Four other materiels were act- .
ivators of the nicotine against one of these two insects in one geries



and against the other in the second series. Cyclohexanol,
allyl maleate, and p-tolyl R-toluenesulfonate in bentonite were
effective againet the melon worm, and in pyrophyllite they were
effective against the arayvorm. ' Another material, 9,10-epoxy-
stearic ‘acid, in bentonite produced higher mortalities than the
standard against the southern armyvorm, but in pyrophyllite the
melon worm was the susceptible ingect.

The adjuncts which were inactive in all tests are listed in
table 5. :

In this search for an effective activator for nicotine none
of the adjuncts sufficiently increased the insecticidal action of
the nicotine compounds in these preliminary tests to merit further

study on the test insects used.
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